Using a nuclear mortality factor [START_REF] Markandya | Electricity generation and health[END_REF] based on ExternE-v5 2 , Kharecha and Hansen (K&H) purportedly calculated the mortality prevented by using nuclear power rather than fossil fuels, for both the "historical" (1971-2009) nuclear capacity and future projections (2010-2050). [START_REF] Kharecha | Prevented Mortality and Greenhouse Gas Emissions from Historical and Projected Nuclear Power[END_REF] In this narrow space I present some deep flaws of their analysis.

A/ Gross errors

A.1. ExternE's FAQ states, "Chernobyl-type plants would not be built today.… Results generated for a pressurized water reactor (PWR) type plant are not applicable to a Chernobyl-type plant". [START_REF]ExternE FAQ[END_REF] ExternE-v5 dealt only with "future" PWR reactors. Consequently, Chernobyl and its health consequences are entirely outside the scope of the nuclear mortality factor K&H use. Applying this mortality factor to the "historical" period (1971-2009) is thus outright absurd. In so doing, K&H replace the occurred Chernobyl major accident on an RBMK reactor with a hypothetical future major accident on a PWR reactor whose probability is deemed equal to 9,5 × 10 -6 per reactor-year.

A.2. K&H claim erroneously that the number of deaths caused by "historical" nuclear power they calculate (4900) "could be a major overestimate relative to the empirical value (by 2 orders of magnitude)", when compared with the "43 deaths… conclusively attributable to radiation from Chernobyl as of 2006" according to the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).

A.2.1. K&H mistake the deaths caused only by severe reactor accidents for those caused by nuclear power "cradle-to-grave". Indeed, the nuclear mortality factor includes deaths attributable to all stages from mine to waste disposal, not only to accidents during generation.

A.2.2.

K&H only refer to the number of deaths already occurred (43) and not to the estimated total number of expected deaths (approximately 9000) from Chernobyl as endorsed by UNSCEAR et al. in 2006. K&H ignore that deaths expected in the future but attributable to an already occurred accident belong to the "historical" period of their analysis, and not to the projection period, since their cause lies in the past. And yet, ExternE-v5 rightly dealt with delayed deaths.

A.2.3. K&H do not overestimate, but on the contrary underestimate the deaths attributable to

"historical" nuclear power, at the very least by a factor 3. Indeed, the two most severe accidents considered by ExternE-v5 yield 9 immediate deaths (3 times less than the 28 Chernobyl "early" deaths acknowledged by UNSCEAR) and 17 452 delayed deaths, weighted by very low probabilities per reactor-year. Thus, assuming 14 000 reactor-years until 2010, the mortality factor yields less than 3000 deaths caused by nuclear accidents, 3 times less than the 9000 fatal cancers that UNSCEAR et al. expected after Chernobyl.

A.3. K&H improperly calculate the upper value of all ranges for the number of deaths prevented by nuclear power by subtracting a mean value (for nuclear) to the upper value of a 95% confidence interval (for coal and gas). For K&H, "the 2008 UNSCEAR report… represents a rigorous scientific assessment performed by expert scientists from 27 countries (including the countries most affected by the accident)". [START_REF] Kharecha | Response to Comment on "Prevented Mortality and Greenhouse Gas Emissions from Historical and Projected Nuclear Power[END_REF] Wrong: only in 2012 were Belarus and Ukraine accepted within UNSCEAR, although they applied in 2007. 6 No Ukrainian or Belarussian scientist collaborated to the 2008 UNSCEAR report.

B/ Suppressing crucial uncertainties altogether

The official objective of the International Atomic Energy Agency (IAEA) is "to accelerate and enlarge the contribution of atomic energy to peace, health and prosperity throughout the world" 7 , in brief: to promote nuclear power. Now, 2008 UNSCEAR's assessment is essentially the same as 2006 IAEA-led Chernobyl Forum's; accordingly, its lead author is IAEA's Mikhaïl Balonov, who also acted as Chernobyl Forum's scientific secretary.

Chernobyl Forum asserted that "up to 4000 people could eventually die of radiation exposure" from Chernobyl. [START_REF]Chernobyl: the true scale of the accident -20 Years Later a UN Report Provides Definitive Answers and Ways to Repair Lives[END_REF] Truncating its own data, it more than halved the estimate (8930 deaths in 95 years) of Chernobyl Forum's WHO (World Health Organization) expert group [START_REF] Who | Health Effects of the Chernobyl Accident and Special Health Care Programmes, Report of the UN Chernobyl Forum Expert Group "Health[END_REF] 

K&H use a nuclear mortality factor that relies upon ICRP's (International Commission on Radiological

Protection) "linear no-threshold" (LNT) model, according to which any dose of radioactivity poses a health risk proportional to the dose, thus low at low doses. But, in the very words of UNSCEAR, "the inability to detect increases in risks at very low doses using epidemiological methods does not mean that the cancer risks are not elevated". [START_REF] Unscear | Effects of Ionizing Radiation: United Nations Scientific Committee on the Effects of Atomic Radiation UNSCEAR 2006 Report to the General Assembly, with Scientific Annexes[END_REF] To honestly evaluate the mortality possibly prevented by nuclear power, K&H should have taken into account all scientific views that, like them, "question the LNT model" -including those who accuse it of grossly underestimating the health effects of low doses of radiation.

B.1.3. Considering the "supra-linear" and especially the "biphasic cell-response" models would have decreased by up to several orders of magnitude K&H-calculated (mean) number of deaths possibly prevented by nuclear power.

The supra-linear model estimates that damage per unit dose is greater at low levels. Prominent scientists have endorsed it, among whom Karl Morgan (the "father of health physics" and first president of ICRP). [START_REF] Del Tredici | At work in the fields of the bomb[END_REF] The biphasic cell-response model is proposed by the European Committee on Radiation Risk (ECRR), a group of 24 scientists from 12 countries. 18 Its core is the deduction that low doses pose a health risk much higher than moderate doses. Former ICRP scientific secretary Jack Valentin deems relevant to publicly debate with ECRR's scientific secretary; he admits ICRP should have openly discussed ECRR's contributions. [START_REF]Public meeting[END_REF] According to the French Institute for Radiological Protection and Nuclear Safety (IRSN), the biphasic cell-response model "raises fundamental questions with regard to radioprotection" and valid critics of the ICRP model, is worth scrutiny and calls for lots of further research. [START_REF] Irsn | Health consequences of chronic internal contaminations by radionuclides -Comments on the ECRR report "The health effects of ionizing radiation exposure at low doses for radiation protection purposes[END_REF] The biphasic cell-response model supports estimates of the Chernobyl death toll in the order of magnitude of 500 000 to more than 1 000 000. [START_REF] Busby | Predicting the global health consequences of the Chernobyl accident -Methodology of the European Committee on Radiation Risk[END_REF][START_REF] Yablokov | Chernobyl: Consequences of the Catastrophe for People and the Environment[END_REF] It must be kept in mind that the biphasic cell-response model also very significantly increases the number of deaths attributable to routine radioactive releases from normally operating nuclear facilities.

B.2. Crucial uncertainties: the probability of major nuclear accidents B.2.1. By applying to the worldwide 2010-2050 projected nuclear fleet a mortality factor relying exclusively on PWR-reactor data, K&H fail taking account of:

• the continued operation of 11 old and ageing Chernobyl-like RBMK reactors, until between 2026 and 2035. Meanwhile, Aladar Stolmar, a nuclear engineer expert on RBMK reactors, warned in 2008 that "The RBMK reactors are just as unsafe now as they were before Chernobyl". [START_REF] Stolmar | My Chernobyl -What's wrong with nuclear power and how to fix it[END_REF] • the continued operation of 23 Fukushima-like Mark-I BWR (boiling water) reactors in the USA. Prior to Fukushima, the OECD Committee on the Safety of Nuclear Installations stated, "For the BWRs, the core melt frequencies are in general lower than for the PWRs. In both PWRs and BWRs, accident management measures are very effective for prevention of core damage." 24 B.2.2. PWR reactors may not be any safer. IRSN acknowledges that, "as for the existing nuclear plants, severe nuclear accidents have not been considered during their design." [START_REF] Irsn | R&D relative aux accidents graves dans les réacteurs à eau pressurisée : bilan et perspectives[END_REF] For the nuclear safety professor Balraj Seghal, "Severe accidents were not prescribed as safety design basis for current plants and they are not even so for the GEN III plants in USA and some other countries." 26 B.2.3. After Fukushima, using a 1995-computed probability of major nuclear accidents is a blatant methodological mistake. Philippe Jamet, formerly IAEA's Director of Safety for Nuclear Facilities, says Fukushima "shows the limits of safety probabilistic studies" and adds that "the Fukushima situation, with such an addition of failures, has never been studied". [START_REF] Klingler | Fukushima a montré que l'improbable est possible[END_REF] Peter Lam, a former Administrative Judge at the US Nuclear Regulatory Commission, confirms that, until Fukushima, "multiple nuclear reactor core melts were deemed impossible, and have never been examined." 28 B.2.4. K&H disregard the empirical frequency of major nuclear accidents, while it is an essential indicator for estimating their future frequency.

A study of the Massachusetts Institute of Technology warns, "remaining uncertainties in PRA [Probabilistic Risk Assessment] methods and data bases make it prudent to keep actual historical risk experience in mind when making judgments about safety." [START_REF]The Future of Nuclear Power -An interdisciplinary MIT study[END_REF] Wrongly counting Fukushima as one reactor meltdown, although 3 reactors melt, Jacques Repussard, IRSN's director-general, estimated, "statistics show that we are at 0.0002 severe nuclear accident by year, twenty times more than expected according to the probabilistic studies, which do not well take account of natural hazards and of the human factor." [START_REF] Morin | Le risque naturel met au défi la sûreté nucléaire[END_REF] A nuclear physicist specialized in reactor physics, Bernard Laponche performed the correct calculation for major accidents (i.e., leading to significant radioactivity releases). [START_REF] Laponche | Sûreté des centrales nucléaires, Encyclopaedia Universalis[END_REF] The theoretical probability of one reactor undergoing a major accident (worldwide until 2010) is 0.014. But since 4 reactors (1 in Tchernobyl, 3 in Fukushima) underwent a major accident, the observed frequency of major nuclear reactor accidents is 286 times higher than what is predicted by PRA. Other scientists have drawn similar conclusions. [START_REF]The Future of Nuclear Power -An interdisciplinary MIT study[END_REF][START_REF] Lelieveld | Global risk of radioactive fallout after major reactor accidents[END_REF][START_REF] Cochran | Statement on the Fukushima Nuclear Disaster and its Implications for U.S. Nuclear Power Reactors[END_REF][START_REF] Diaz-Maurin | Fukushima: Consequences of Systemic Problems in Nuclear Plant Design[END_REF][START_REF] Shrader-Frechette | Flawed Epistemology, and Black-Swan Events[END_REF] Potential accidents or terrorist attacks at uranium mines, spent fuel storage pools, fuel fabrication facilities or during radioactive materials transportation are not even considered.

B.2.5. Bypassing prominent nuclear regulators and scientists' warnings, K&H trust and use the absolute value of a risk probability.

The French Nuclear Safety Authority (ASN) "considers the PRAs as a precious tool helping safety analysis" but warns "one shall not have excessive confidence in numerical results (in particular in their absolute values) and shall remain conscious of the uncertainties attached to these results." [START_REF] Kalalo | Rôles et limites des EPS[END_REF] IRSN "highlights that the values of core melt probability… are an element of assessment enabling the hierarchisation of different sequences that may lead to [a core melt] situation. They must not be considered as absolute references." [START_REF]1 développées par EDF dans le cadre du réexamen de sûreté associé à la troisième visite décennale des réacteurs de 1300 Mwe[END_REF] Yet, K&H use PRA not for hierarchising safety concerns, but for estimating the number of future nuclear accidents and related fatalities.

C/ Ignoring thoroughly assessed nuclear-free solutions

K&H put France forward for its fast development of and heavy reliance on nuclear power. Now, a very thorough research shows France can divide its GHG emissions by 16 and phase-out nuclear by 2050. 38 This scenario, called "Negawatt", was developped by 15 energy experts, three of whom were appointed to the group of "renowned experts" advising the council of the 2013 National Debate on Energy Transition launched by the French president. Despite conservative assumptions, Negawatt secures base load power needs and network equilibrium hour per hour all year long. A solid scientific case is made that even the most nuclear-addict developped country could "avoid dangerous climate change to protect young people, future generations, and nature" without endangering them with nuclear risks.
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 111 By using a nuclear mortality factor whose (mean) value is provided without any confidence interval, K&H assume zero uncertainty. Yet there are high uncertainties within two key constitutive elements of the nuclear mortality factor: (B.1) the health effects of low doses of radioactivity released during both normal operation and accidental situations at nuclear facilities, and (B.2) the probability of future major nuclear accidents. Crucial uncertainties: the health effects of low doses of radioactivity Although their calculation does not take into account any estimate of Chernobyl death toll, K&H discuss one of them (UNSCEAR 2008) only, conveniently the lowest one, despite it is much scientifically disputed.

15 B. 1 . 2 .

 1512 , itself misrepresenting an old 1996 study by Cardis et al. who calculated "from 9785 to 22 160 additional cancer and leukaemia deaths within 70 years." 10 Even Cardis et al.'s own 2006 study yielded 17 850 (95% CI: 7600-42 400) fatal cancers in Europe within 80 years. 11 Volodymyr Bebeshko, director-general of the Ukrainian Research Center for Radiation Medicine, refused to endorse the final report and said the Chernobyl Forum was "very clearly trying to minimize the consequences." 12 According to Nikolai Omelyanets, deputy head of the Ukrainian National Commission for Radiation Protection, "At least 500 000 people… have already died out of the 2 million people who were officially classed as victims of Chernobyl in Ukraine… 34 499 people who took part in the clean-up of Chernobyl have died in the years since the catastrophe" and the scientific information Ukraine sent "has been ignored by the IAEA and WHO." 13 In 2006, the Belarussian radiophysicist Mikhaïl Malko estimated that Chernobyl will cause 116 700 (90% CI: 36 980-196 300) additional fatal cancers in Europe during 1986-2056. 14 John Gofman, a prominent Manhattan Project nuclear scientist and doctor of medicine, predicted 475 000 fatal cancers from Chernobyl. Health risks related to low doses of ionizing radiation are the central topic of a heated and ongoing scientific controversy.
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